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(54) OFDM DEMODULATOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To attain excellent demodulation by 
eliminating the effect of inter-symbol interference(ISI) in the case 
that a delay time of a delay wave generated in a multi- path 
propagation line exceeds a guard interval period. 
SOLUTION: In the orthogonal frequency division multiplex(OFDM) 
demodulator, a variable delay section 3100 delays a correction ** > 

complex signals output of an adaptive filter section 30 by a valid 
symbol period +Qr; a complex multiplier 3101 and a sum average 
arithmetic section 3102 apply correlation arithmetic operation after 
and before the delay, integration arithmetic sections 3103, 3104, 
square arithmetic sections 3105, 3106 and an adder section 3107 lij 
apply their respective operations to real and imaginary parts of the — yji^^j 

result to obtain a correlation square signal. Furthermore, by means of 
a tan-1 arithmetic section 3110 a phase rotation angle d is obtained 
from the result of the integration arithmetic operation. A peak 
detection/hold section 3108 holds the or and 0 at a peak value of 
the correlation square signal. According to the operations above, each 
estimate value of a delay time of a delay wave, an amplitude ratio of 
the delay wave to a desired wave, and a phase difference between 

the desired wave and the delay wave is found, and a filter coefficient generating section 3109 generates 
filter coefficient from each estimate value and provides an output to an adaptive filter section 30. 
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50 ^±{cmiE-r^:it:^^-^mx^^^K m^. (ac/N 



(5) 

7 

«::*cgS^ra r max '^^ y</i'mmT z X 
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oi{c#^i^$nao ^i^i^:^^/^mm (tu) +a^^^ 
a^gs^ 3 1 0 0 ±fd,miEmmiE^- 1 + q s-*^ v 

+ Qd (Dmm^^^^t^fcmmmjEmm^^m^' i d - 
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[0 0 3 7] — T — Vv^zii>-htg»g|S3 110 
n. m^fMnU3 1 0 3^ 3 1 0 4(Om;^2: {Six4-S 
qq) . r (Siq-Sqi) (d^LT. [L (Sio-Sor) 
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[0 0 4 7] isfcic, :^mn\^^^'m-L(r>mM<omm<D^ 

[0048] o*!?, 1216 (a) (c:^-t-J:5(-*SiS 
(-<— X/^i^ K^m) S: I + j Qi: ^SjSi-JPj-f-S 

1216 (b) (C/T^-r J: 5 f-SMiffi C-^— ;^^-<i^ K^^) tt 

A ( I + j Q) 9=AI,. 9+jAQ,. «t?te 

^ti^mmm^-ti. 06 (c) tc^^-r j: 5 t-^astcii 

J^^S^)sfi*$^^fc^ ( I +A I (Q + AQ 

[0 0 4 9] *^iSif^ffi(::*ift'5«it^<0:^«sf4, JiSi^ 

^^aj^i5 3 1 \:i}a^^x^mm^M-t^mm^(0'^mm^ z 

[0 0 5 0] iSJclr, =i.#:e<)ril^^^i»i#^Ji: LT. JbfB 

(I+AI.. (Q + AQ,. 9)^)5 
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[00-51] ^-r. ±:mmmm^- (ih-ai «) + 

1 + 3 O. Pw=0+jO (k9fcO) t^J:^Xo±my 

^yi^mm (Tu) + a-^^issass 1 00 (ommMrmm 

^mn'mmt \^X^^iy>':^/vmmT n (a = 0) t^J: 
-5 <t 5 ±fE^JW§B 3 1 1 l\z2:^mm^ti^o ^(Ot 

mm&^mu 3 1 1;::^^ Jiieis^m^ ( i + a i 

e) 4-j (Q + AQ., a) ^(Di^<D:d^Xti:^tl^ 

[0 0 5 2] ±m^^-»'^yi^mm (xu) +apr 

^^1^35 3 10 OCOaii^r0^Tu + aCOa(^t5iat^*flfr 

3. 3 104fi, ffi*07hi6tCl [H]c^^(^^5i'tllg:^JS 
[0 0 5 3] ^(DWrnn^-'i^mi^iSV^X. OFOMit-^ 

1 0 7<Othtl {S (Sii+Sqq) } ^ + (Szq-S 

Qi) } =^ fi. ^7 (b) f-.T^r.tpf-^a^oeai^v-v 

tsggft^ (Sii+Sqq) , (Siq-Sqx) ;^i^ti©S55' 
fcii9$£^^^252jq3jBE^iT.z (Sii+Sqq) . 2: (Sxq 

{£ (Sxi4-Sqq) 1 ^ + {£ (Sxq-Sqi) } (]^ 

[0 0 5 4] roM-eti. yd—^(0^^^\XB^'&i^:yif^ 

^tifeas^v^V'^^yVj^ffiT s (^2{t-C2 T s "Cfc^o wtL 
ti. ^5^-111^35 3103. 3104 \Z.^\^X\^<D^(D 

m'^m,%t^M^fix\^^fz.^x. 2^'ixi,<omi^\xML'X 

^0 3 T s)^Jt.±{c:^t>6o tf— -^rl^SCS 1 0 8 
f^w£D^t^;6^e? t'— ^Sr^^tfiL. 12 7 (b) \C7j<^un 

wrtco^t^^v^•m;5^^7:)i^i:B^«:^#•rao 07 (b) tc^ 

[0 0 5 5 ] (Tu) +a 

■^^ii^as 3 1 0 o mmmf^t^T M ^ a mu. e 



14 



gl$3 1 1 1 fcj: *?^J^^tL6o rcD^-^. Jif5AD^:gi3 
1 0 7(^^:5;^ {Z (Six+Sqq) } ^ + {5: (SiQ-S 

Qx) ) ^ mi (c) ^c.i^i-J:5tct;•">^^}^fc:^«ev^ 

SB3 1 0 8t^ro{S-^(ctf-^;a5aiV>r i:;i-biSj^»fP 

[0 0 5 6] ^^K^ -hfH#^v->'xK/VfflFBl (Tu) + 
a pr^3gjt£a53 1 0 Otl, ®^^PH^;a5Tu+ r (a = 
r) ir^'ir^i^iilS^llfliaJS 1 1 l^cJ;l9$^J^^^tu5o 
10 rcO#^. }i^m^3 10 7(D\hti {2 (Sxi+ 

Sqq) } ^ + {Z (Sxq-Sqx) } = f^. IEI7 (d) {:i 

[0 0 5 7] ^(DmXYX^ \f—^<Di^%^\t^m^^>'^ 

j}^mmTsxM^^W}'r^. -o^r> ^^^<D\f—^(Dm 

m^T^^^n 3103. 3104 \ZL^^^^xm<D^<D 

^ D 3 T s i^±tc:^t?ao — ^^^ffi • 3 10 8 

tir(7:)^g^{3^;&-t>tf-i5^$:1taBU 0 7 (c) K^f^-t 

mmm 1 1 l^-b«l&^t^6^i^{t-^^-i:*9s ■^(otf 
»^3 1 1 o^-hm'^^tttL^m&tmm^<^^m.^.\^ 

30 [0 0 5 8] i^±coJ:9{-> ±mmmU3 1 1 lie J: D 

P ^a^y CO$5[a-C±f2W^v^>'=5j^/V^rBl (Tu) +a 

•^^mm^s 1 0 o^^3lM^rB^;i^$^l^$^^fc^. f-^ 

l^tti -{^^^353 1 0 8fc:ri^}^^tb/cfilCB, C. 0" ^ 
r>'af[i;6^y^W'/^:^«@:^i£^(5 3 1 0 9{C#^#^$tL5o 
[0 0 5 9] rr-T?. JbfSiiJ^i^^#-S^OS*IitAcO 

m^MT^mmis,<Dmm^mt com^mx' ^^^^^ 

40 ±fSli«fSA' r' 0' ;6-t>3S^j6§:}t*-t-^r.t;d5-e 
6^ 5^:7^^.^Sc?r^^LSi^;:7^/u^fl5 3 o {cW^-r6o 

JifSJi:^fii:A' 9' J: os^^j^^Sr^^-r^m 

ffl^tb-CV^^LMS (Least Mean Square ) TyVrfyX 
A, RLS (Recursive Least Square) T'yl'::^ y XA/^ 

[0 0 6 0] wicor iTTi^b. ^mi<DmM(Dmm'<^^ 

50 19. ■^/L-f^>'<^e^^f-:Ji5i/^r. 
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[0 0 6 1] (Sj, ,ilf2K?^^C^b*V^-C. ^^CQE^f^f^^ 

^c^tl:^[H]K3i^fl:^«:%^i:L-CV^;iV^OT^ igff(^^ 
[0 0 6 2] ^fc. i^±t^fftW{-:}3V^-Ctl. fBi*(;57t» 

[0 0 6 3] f^. 1g?K^6-e>'^^/<;^eiB?S<^^t^. ± 

[0 0 6 4] ^fc. ±m(o ^ ^ \:LVjm^'&'ikm(o t ^ 

[0 0 6 5] ^^{c. _bfaco^. S/u— :7'^^S-Cfl 

[0 0 6 6] ^fc. :^mMmm(^um\^isv^x{^. ±m 

mit^y^/^^^S 0<Dmt LTF I Ry^/v^{:LX^m 

^m^^xh mmjiWsrfti^'^mti: r ^ 5 ^ -c t> v \ 

[0 0 6 7] SSK^ttti^S l t 

mit^y^/i-^^s 0 t7!)-ibmi^^ti^u^j^x^-h^-f>' 
^m^.^ (r>Tg) mmi&^mm^ik^us 1 tmit^ 
(omm&^&m^mtus 3\cxy)mm'r^m^xi^^m 40 

xh ^ ^ t 0 ^xi^f:^:\^\ 

[0 0 6 8] (m2 <Dmm(Dmm) m s \cm 

[0 0 6 9] r<^IIJ£(?^?l^flgO^<$:^#^tl. [glKC^L 

mm^r^^mus 112. :7^yu>5^^^^:£g^3 1 1 

jf^mcxh^o ^fc. mi^i>mzx^^(DXs m—u^ 
{cm''n'^^i-t\^x^<Dumi'M^\^. ±.mM^mmm so 
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m^iti^s 1 1 2. ^^H-zi-^^^^^ass 1 1 3. 

[0 0-7 0] }:^—i^ikm'f:i^U3 10 S(D^i^'^mt 
M::kmm^m^lti^3 1 1 2\z.^^$ti^'o 
m^m^tti^ 3 1 1 2 tt. K-Y >^/<yu^raT g 

-e. ^c?:)^mf±:7^/u:^^^^^as3 1 1 stc^^^tv 

r(0:7^/U:^^.^^^tK3 1 1 3f^. :t::^ii5£^r«1 
Tinax \cm-:S\,^XmXtSi^M't^^mmitU3 3 A<DmPS 

^^-r^t^cD-e. ^o$^J^Slm-^fi_bfBiS?^^^'ft:a53 3 A 
[0 0 7 1] }L^mMm\Ln s 3 K\t^ mkjii. m 9 
Ttj^jf^^^tsis 3 3 (0MrBi:7 ^71.^^3 3 2.t^'^'&m^y 

[0 0 7 2] J:ia^^«P^:7^/V:^a5 3 3 4 . 

ti. mi otc^i-i 5t-«^"C#5o m 1 0 {c^-T'^S^ 
«Fb^:7^/u^^3 3 4«:. n- ii@coii^v:r/vS^ 
do , dx , -"d c«-2> . ^ ?^:7'>^^{iE;d3^ti.-?tL 
Po , Pi , -"P^-x cOn®(Oi5??^:7^ (^^^^^) p 
o. Pi, --p <«-!> . J^D^JdS^S 3 4 0 i:;6-b=^j:^ 
F I R (*|5S:g^ >'^</W;^;S;^) >^^/V:^CO^g^S:>i 

:7*#.^®J# ^5 pj |g >i o X V ^ e . 

[0 0 7 3] -r^^^t?-^. ^/^^/^;^eMK^-^5v^-c. =sr 
:joft5 0FDM^ifi3SB-cfi. mm\\Lm^i^^^x^ ^ 

ic^^i^C^H' (n,k) = {H(n,kp) +N(n,kp) /X 
(n,kp) } G(n,k) ^Jt:£i-arttcJ;i9ilS^K[Ci5 

[0 0 7 4] L;6^L^^x55Pj^ i|${c, {gc/N^. S:^® 

^^FbI r max 2)5 hV l^i^^</l-mmr g <t "9 /h^ 

{ r max < T g) i: # {Cfi. JilEei^Ki^i^St^^t:^®^- 
zfb^t^y-rXj^e^tD^S {N(n,kp) /X(n,kp) } G 

(n,k) ^-^^<ti:^. m^mm(D'^m^±c^o t(om 

^MFBi^^/Wi5^g?(o;^^^i^;;iS:G(n,k) (^)iii§^is*§^5 
T g/Tuo@^^etci^ltftl>rv^a7ti^)^:l. mmy^^i- 

[0 0 7 5] ^r-C. a^tSJ^^r^ r max Srl^m L. 
mmtU frt ^ «Fb1 :7 ^ /V^ gPOilig^^'tg S: r max 
/TulcSJp-r-Sr^t-J:!?. :S;^®JS^r0l r max 
— hV V^-'Vl^^r^lT g J: (rmax<Tg) 
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[0 0 7 6] 5^3I^S?^ffi^-^3V^Td:. -hiaoi 5 1-*::^ 

max<T gO^tC. ^ ^.^^^£^5 3 1 1 3 
V^T'ST^1SPa^7-</U^^3 3 4<7?ai§^^Sti2i^ T max / 

[0 0 7 7] tX±cD::t;6-6). :$^m2<DMm(DmmKx 

P«lTg«rt (r^Tg) -e. ii^^(^*>tii^^rB^ r ma 
X K^^-^^VU^PalTg J;^9/^$V^ ( r max <T 

[0 0 7 8] i^. _bfaiftpjfc*3v>T. mm<D\Bimwii^^ 
^c4l:^[H]KJl^a:^f:i%^i:L■rv^7tcv^o-c. wtfY(r>m 

[0 0 7 9] ^fc. ;*:Si0JtC:^BV^rfi. ilH^^^r^^ 
W-Zl^i^SBS 3 4(Dmt LTF I R>^^/Vi^{c:±6«J*^ 
/i^Lfc;dN I I R:7^/w^(cia«j5g:. :^/ctiF I r:7 20 

[0 0 8 0] ^MMmmcoX 0 SM^PbI z t^:ff— K 

^Tg) (omj^^^^mmt^mydus 1 t^mmims 3 

[0 0 8 1] {m3(DmM(Dmm) mi ^^m\^ 

[0 0 8 2] :z(DmM<Dmm(oi^i^f^\t. ^itc^u 
2mmm^U3io5^ 3 1 0 eco^t^t^tcsg^fit 

«^^3 114. 3 11 5^5^M$n7t«^tC/j:oTV^ 

^fc. |gl(D^igCO?i^flgc7?OFDMmil3Sg(JOiD^:gg3 
1 0 7<Dmtl7b'^ I 2: (Sxi4-Sqq) I + I Z (Sxq-S 

[0 0 8 3] (m4(omm(omm) mi2\'t. 
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[0 0 8 4] z(DmM(om^m(o±i^m^n^ msKTjki. 
2^{i:rs^as3 1 0 5. 3 1 0 6o^t?9 tc^*fffi 

sieges 114. 3 11 5;d5;^^$tl7t«^fC/j:o-CV^ 

^^c. ^2 0^iSc0^fficOOFDM^I^3gac^AD^3i3 
1 0 7(Offi;^^z55 I S (Six+Sqq) I + I Z (Sxq-S 

[0 0 8 5] *%p^{c^6mi;5»-e>ll4 0^sg(?:> 

^S-aSaJ 3103. 3104 Fi. ^Jx«. EI 1 3 (C^f 
J:5{-tj«jS:-C#^o 1211 3 Fi. ^Ei^v'V/J^Vu^reTT s 
cOilSi:S;d^Tx , T2 , "To^y OMi@. S:t/*a»:gg3 
1 1 ett^h-^^F I R (^PS:g-f ^'^'W^/^:^) 

[0 0 8 6] 

I S I (?:>^SS:^i9 ^.^mitUxn^fh^m 
it^mm^(Om LV^^Mt:S^^¥□~t-a r (DX% ^ O F D 

M^p^H^^i-^ ^ t-x% 
[0 0 8 7] ^/c. ;*:^2(^^?gfcj:;h.fi. 

®M^F«1 T 255;;^— hV :^^^</i^mmr g i^p^ ( t ^ T 
g) -C. g^iSco«::^iSi£^rBl t max ^5::^f— hW^^< 

/l^^F^Tg J;l?/h$V^ (rmax<Tg) ^ ^ fdftag^C^S 

mmt^n o^t t^-c# ^ o f dm^h asg^^-ra 

[l2S(OjS5*/^fa5f] 

[121] :^%m\^^^^mi(^MM(OBm\^^i^^oFD 
[12 2] m\\^y^'toY'ou:^wmM.<^wt>'7 ^ jv^ti 

[^3] EIl'cC^i-OFDMmiS^a^T^^^^SIffait^— 
[EI4] EI 1 tC^-^OF DMmia^«(^K?^^'ft:^i5(0— 

[EI 5] lgl4fOT^-riSJi^^^l:S5<oMra^:7^/i'>$^a$co-0ij 

[EI 6] El 1 tC^-^OF DMmil?^®{cA;^$na{t-^ 
(O— «?«JS:^i-EI. 

[EI 7 ] EI 1 io^-ro F "oymw^W-^om^m-^^-^ 
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Mo 

mi 2] ^^m\^mi>m4(omM(Di^m^^isn^oF lo 

[^1311^1. 8. 1 1ST>*1 2 tC*t-OFDM«IS 

[016] ^^^oo F DMmn^gtDffijBgS-^-f-r/D y 

do '^d („_2> •••11?- VCT^/Uil^^ 20 
To -^r <„-!> --^M^W^ 

To -TcM> leis^i^v^^j^ov^r^ia^^ 

1 0 •■• I F FT^ 

1 1 ••• I FF rmw^ 

2 1-mU^M^ 30 
2 2 ■••F F 
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2 3-*-;^f-K»raK^^aj 

2 4 ---F F TrU^^B 

2 • 

3 0 '"®/^::7^/u^*2 

3 0 

3 1'-aM^ffigp 

3 1 0 o-'m^'>i^^ji^mmiTn)-ha-^^mmu 

3 10 

3 10 2---^nS^i9?SS^ 

3 1 0 3. 3 1 0 

3 1 0 5. 3 1 0 6"-2^'fii:SI@giS 

3 10 7'"MW^ 

3 1 0 S--^-^^m '^WU 

3 10 9---:7^/v^^.|g:^^^ 

3 11 0 - -T—i^^>i^jo>' hm^U 

3 111 --pm^ 

3 112 •"m:km^^m^ttiu 

3 11 3*":7^/i.>?r^^^^ai 

3114. 3115 "-mMUmMU 

3 11 6^--AD@:gg 

3 2 -"F F TSS 

3 3.3 3 A- i&m^^tU 

3 3 0-"1S?g^^?||^a5 

3 3 1 -•miB^<^ n 5. h^^glS 

3 3 2--mm:^^^^^U 

3 3 2 0--^^JDff^ 

3 3 s-mmmwmnu 

3 3 ^--'-^^mm^^y^^u 

4 0---ADS:§g 

4 1 ---eiGlv^V^/U^PBlT s ®^gl5 
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i^fi^mjE 2 ] 

mmm^mB^] 11*112 

icm^ ^> >-!^i^n Pb^ (-^ L -CiSdl W (CMS # U fc«^ f 
FDM«P^g<, 



^mmm^'^^immm^^. miEOFOMft^tsfj 

5:t>% SfIIE*iBa?R^^S<Otil;^>6>e>tfrfEOFDMft-§-lc 
tSP'^/i'iJ'^.f&^^^SS.C)', SfliSOFDM^#{c:Sfi 

i-2>OFDM«ll^«„ 
[#^MiE4] 

miEM^mS^] 0 0 2 1 
[0 0 2 1 ] 

^iB:^^J«^ff■§•(-S'5V^-C. ^fSO FDM{t-§-S:7-i-/P^ 
[^^MiE 5 ] 

[ttiE>*^«SiS] 0 0 2 2 

[0 0 2 2] ±IE^S§rMgtL®2(73@6<3S:g^£t--5fc 

{a+as.t>'tf A{2e(Oii&ms*M-^d5^*j^iS^®^cDii§ 




7 ^ ^^^#,ltfc$|J^W^t■§■fcSo•v ^T, SfJiait^filSrMFBll- 

;^;6^t>StJlEOFDMft-^}c:as$n-cv^5;*f— K-f v-^ 
imiEm^^B:^] 0 0 2 3 

[0 0 2 3] J:iE^^^^L^lSt>*m2 0S^SrlRl 
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F.fl7 /V'^'^,IS:S)JWft^f'S^v^rMf5Ji«fiI5:«FBir 
5«Ffl7^/v^^SSrffix., w<^«F^7^yw^^g(^fctl 

H^SM^S, Sfrf50FDM{t-§-tSfifEH^ea#^» 

%^#SSt>\ t^^iEOFDM«•§■(cfi»^tlTV^5;<f- 

■cSfrl2«F«g7^-/i'^«^®j«ft^^*i6. ttrlEiSfl^^-ft: 
^IS l-aj ^ «Fb1 7 yi- iS' ^ ^. iSS 
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